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ABSTRACT

Sustained attention is necessary to accurately complete cognitive tasks. However,
sustained attention can often be disrupted by distracting information. When distractors
contain emotional content, past research suggests that they might attract attention. The
rapid detection of emotional information is important in everyday life because emotion
often emerges in social interaction, including unpleasant interactions where others might
pose a threat. The attentional capture effects of emotional faces were explored by
inserting them into a visual search task that included differing levels of perceptual load.
Twenty-five younger adults and twenty older adults identified target letters in standard
trials containing distracting elements, but also identified target letters in attentional
capture trials in which images of neutral, angry, and happy facial expressions were added
to naturally attract one’s attention. Response times and accuracies were measured. In both
age groups, incompatible distractors that competed with the response to the target
reduced accuracy relative to neutral distractors or distractors that were compatible with
the response to the target. This pattern emerged both when the display was sparse and
when it contained many distractors. Additionally, response times were influenced by the
perceptual load on the display, with larger set sizes leading to longer response times.
Attention capture effects emerged for both age groups such that participants responded
faster on trials with face distractors than those with letters, suggesting that faces
potentiated attentional deployment instead of disrupting it. Interestingly, under high
perceptual loads, more positive face distractors were associated with higher accuracy for
older adults which is partly consistent with an age-related positivity effect.
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INTRODUCTION
The participant’s ability to sustain attention, and conversely a stimulus’s ability to
distract, are topics within psychology that have been studied extensively. However,
despite their wide research appeal, there is disagreement in the field concerning the role
that emotional faces play as distractors within perceptual load theory across age groups.
Many studies have examined these variables separately, however few experiments have
studied these factors simultaneously and with consistent results. Consequently, additional
research is needed to understand whether emotional distractors impact younger and older
adults’ attentional deployment in similar ways.
Perceptual Load Theory
Perceptual load theory states that the amount of information on the display plays a
role in distractibility (Lavie, 1995). More specifically, when the amount of information
on the display is low, there is more spare attention available to devote to distracting
information. Therefore, irrelevant distractors can capture attention more easily. However,
when the amount of information on the display is high, distraction is less likely because
one has fewer resources to spare. The particularly busy display is capturing all of an
individual’s attention and there are no additional resources available to process the
distractor. Ultimately, this theory suggests a middle ground for early and late selection
theories of attention.
When one is asked to consider a display with a high informational content, then
attentional deployment is restricted more narrowly to those possible locations where the
target may appear. However, when one is asked to consider a display with less
informational content, attention is free to be deployed more broadly on the display. In the
1

former, one’s attentional filter is activated early on after stimulus onset to shut out
irrelevant information, but, in the latter, the attentional filter functions later in the
selection process and allows some irrelevant information to influence the observer’s
understanding of the display. Consequently, although high load displays often elicit
longer response times to locate a target, peripheral distractors that appear on these
displays have less of an impact on the time needed to identify the target. Likewise, low
load displays may generally elicit shorter response times from observers; however, the
identity of the distracting information on the display relative to the target can influence
the time needed to identify the target.
Aging and Perceptual Load Theory
Because aging is often accompanied by a decline in available cognitive resources
in tasks involving attentional deployment, past research posited that perhaps older adults
required less of a perceptual load before they began to implement their attentional filter
using an early selection mode (Maylor & Lavie, 1998). Maylor and Lavie conducted
visual search task experiments and found that irrelevant distractors captured older adults’
attention to a greater degree than they captured younger adults’ attention in the low load
condition. Additionally, the ability to be distracted decreased significantly faster as
perceptual load increased in the older adult age group than in the younger adult age
group. These results suggest that older adults’ attentional resources reach capacity at a
lower perceptual load than do younger adults’ resources. However, Madden and Langley
(2003) found no age-related differences in the low perceptual load condition suggesting
that age-related attentional capacity limitations were not present. Across studies, both
younger and older adults displayed a narrowed focus of attention in the high load
2

condition relative to the low load condition, increasing the time that was required to
locate a target and reducing accuracy.
Emotion and Distractibility
Just as the amount of information on the display plays a role in distractibility, so
does the type of distractor. For example, the emotional nature of facial distractors has
been established to play a role in their ability to capture attention, even when the faces
were irrelevant to the task (Burra, Barras, Coll, & Kerzel, 2016; Hodsoll, Viding, &
Lavie, 2011). However, studies’ findings often vary in the extent to which different
emotions capture attention. One study found that facial distractors displaying negative
and positive emotions were more disruptive than neutral face distractors (Hodsoll et al.,
2011). Whereas another study found that attentional capture effects were present for
angry face distractors, but not for happy face distractors (Burra et al., 2016). Burra and
colleagues suggest that angry faces are better able to grasp attention due to their
threatening nature and evolutionary importance to survival.
Additionally, several experiments suggest that emotional stimuli directly
connected to perceived threat, like angry social targets, predators, or poisonous creatures,
have the capability to capture attention automatically. One study found that schematic
angry faces were more quickly and more accurately located than happy or sad faces
amongst an array of neutral faces (Ohman, Lundqvist, & Esteves, 2001). These results
suggest that threatening angry faces play a biologically-important role, and thus
individuals process them more rapidly compared to other emotions. Further illustrating
the capacity for threat-related stimuli to capture attention, another study found that fearrelated stimuli, like spiders and snakes, were identified more quickly than non-fear3

related stimuli, like flowers and mushrooms (Ohman, Flykt, & Esteves, 2001). This effect
was heightened when the participant had a personal fear. For instance, individuals with a
specific fear of snakes located snakes more quickly than spiders. Emotionally-heightened,
threatening stimuli are processed more quickly than general threatening stimuli which are
in turn processed more quickly than neutral stimuli (i.e., flowers and mushrooms).
Studies have been equivocal in terms of whether or not attentional resources must
be readily available for emotional stimuli to capture attention. In a review, Carretié
(2014) states that behavioral data from a mass of studies suggest that emotional stimuli
are able to distract from a task across a variety of task difficulty levels. The detection of
emotion is evolutionarily advantageous and emotions will capture attention even during
difficult tasks when many cognitive resources are in use. Yet, when examining brain
activity in systems responsible for gauging emotional reactivity, other studies suggest that
the response of the amygdala to negative distractors is dependent on the difficulty level of
the task. As the task becomes more difficult, the amygdala’s response to negative
distractors decreases. In his 2002 study, Pessoa and colleagues found that amygdala
processing of emotional stimuli was dependent upon available attentional resources
(Pessoa, McKenna, Guiterrez, & Ungerleider, 2002). Specifically, only when additional
attentional resources were available did the amygdala appropriately respond to the
emotional stimuli. These results suggest that the processing of emotional stimuli is not
effortless even though many studies have distinctly highlighted the special role that
emotion information plays in attention and distraction.

4

Attentional Capture in Perceptual Load
An irrelevant distractor’s ability to capture attention across different perceptual
load levels has been studied considerably. Forster and Lavie (2011) studied an irrelevant
cartoon’s ability to distract participants during a task in which they were asked to identify
which of two targets was present under low and high perceptual load conditions. Again,
load is manipulated via the amount of distracting information on the display. Forster and
Lavie established that, despite the complete irrelevance of the distractor to the task, the
cartoon increased response time and thus was able to capture attention. Additionally, they
found that attentional capture was more likely to occur under the low load condition,
when additional attentional resources were available, than the high load condition, when
all resources were being consumed.
However, Lleras, Chu, and Buetti (2017) called into question the replicability of
this finding. Across six experiments, three showed that attentional capture was more
likely to occur under high load condition than low load condition. This was the exact
opposite pattern to what Forster and Lavie (2011) found. Additionally, when the
experiment was set up to present the stimuli for more than 100 ms, attentional capture
occurred in both conditions. Only when they replicated Forster and Lavie’s experiment
following their trial parameters exactly were they able to produce identical results. This
suggests that attentional capture may operate even with minimal spare resources, and that
perhaps the novelty or socioemotional value of the stimuli help to draw attention away
from the participant’s task-specific goals. Consequently, the competition between taskrelevant targets and task irrelevant, yet interesting distractors may disrupt participant
performance.
5

Perceptual Load and Socioemotionally Relevant Distractors
Several experiments have included distractors containing socioemotional
components to them in order to examine their role in distracting participants during visual
attention tasks. Some research suggests that face processing is automatic and unaffected
by extent of perceptual load (Lavie, Ro, & Russell, 2003). Lavie and colleagues found
that faces were able to capture attention under both low and high load levels. Reactions to
nonface distractors, however, followed predictions of perceptual load theory, such that
nonface distractors were more effective at capturing attention in the low load condition
than in the high load condition. Faces may have a unique function in distractibility given
their biological and social importance. Perhaps faces are special because the rapid
detection of emotionally significant information (even if as a distractor) is vital and
advantageous for both survival scenarios and successful everyday social interactions. Due
to this evolutionary advantage, faces capture an individual’s attention more so than other
types of irrelevant distractors.
Despite these findings, other studies show that emotional faces are subject to the
same effects of perceptual load as nonface distractors (Yates, Ashwin, & Fox, 2010).
Yates and colleagues found an effect for the type of emotion displayed, in that angry face
distractors were more distracting than neutral face distractors, and that the intensity of
this effect lessened under the high perceptual load condition. These findings mirror those
of Forster and Lavie (2008, 2011) discussed earlier in which cartoon characters were used
as attentional capture elements. Yates et al.’s findings support Lavie’s (1995) original
perceptual load theory, such that under the high load condition, resources are unavailable
to process distractors, even biologically-relevant ones.
6

Aging, Emotion, and Attention
As individuals age, emotion regulation appears to play a larger role in their lives.
Despite a decline in cognitive abilities, there appears to be an increase in emotion
regulation abilities and greater motivation to focus on social rather than informationoriented goals (Carstensen, 2006). This improvement in emotion regulation presents itself
as affecting what older adults attend to, as they prioritize positive over negative stimuli in
tasks designed to measure episodic memory, consumer choice, and selective attention
(Ebner & Johnson, 2010; Mather & Carstensen, 2005). Carstensen and colleagues
account for the positivity effect displayed by older adults in socioemotional selectivity
theory (SST). According to SST, as time horizons shrink, the importance of social
interaction and finding emotional meaning increases.
Broadly, as an individual approaches the end of their lifespan, they begin to focus
more on enhancing their personal well-being through seeking experiences that lead to
positive emotions and avoiding circumstances that create negativity. Redirecting efforts
based on emotion takes center stage, replacing goals of seeking novelty and new
knowledge that are the hallmark of young adulthood. Despite studies which demonstrate
that older adults may attend less to negative face stimuli than to positive and remember
the negative faces less (Mather & Carstensen, 2003), when directed to search for negative
emotional targets, older adults can set aside their default goals to comply with task
instructions. For instance, younger and older adults were both faster to locate an angry
face amongst an array of neutral faces than they were to locate other emotional faces
(Mather & Knight, 2006). Similarly, Reed, Chan, and Mikels (2014) found that as the
cognitive complexity of a task increased, the positivity effect decreased. As an older
7

individual is required to devote more cognitive resources to a task, their “everyday”
preference for positive information weakens. Reed and colleagues found that the
positivity effect is mostly evident when the experiment does not constrain cognitive
processes, unlike the tasks described in many of the above experiments and the present
study. It is an open question whether older adults will display a positivity effect when
emotional face distractors are used in a visual search task. Ebner and Johnson (2010)
found that happy faces were more distracting to older adults than were angry faces in an
attention task. In the current study, it is possible that this finding may be partly or wholly
replicated depending on the role that perceptual load plays in restricting the older adults’
access to attentional resources to devote to distractors in a visual search task.
Current Study
The purpose of the current study was to manipulate perceptual load within a
visual search task similar to those used in past aging and attention studies (Madden &
Langley, 2003; Maylor & Lavie, 1998) and to include attentional capture trials that
utilized angry, happy, and neutral faces to distract participants from identifying the target
in the task. It was hypothesized that the distractibility of faces will be dependent upon
perceptual load condition, stimulus emotion, and age group. Response times were
expected to be slower for older adults compared to younger adults, and slower for both
age groups on the high perceptual load than on the low perceptual load trials. Because
older adults require less information on the screen to reach their maximum perceptual
load, it was also hypothesized that the identity of distracting elements may have an
impact on their target discrimination accuracy and response time in only the low load
condition but not the high load condition. Likewise, face distractor stimuli were expected
8

to capture older adults’ attention in the low load condition and not the high load
condition, given the attentional strain created for older adults under the high load
condition in the visual search task, unless the stimuli are perceived as goal-related.
Specifically, positive facial stimuli were expected to better capture older adults’ attention
than negative stimuli. Conversely, the identity of distracting elements in the visual search
task was expected to impact younger adults’ discrimination accuracy and response time
in both the low and high load conditions (Madden & Langley, 2003). However, face
distractors that appeared on attentional capture trials were expected to disrupt younger
adults’ performance only on low load trials. In the low load condition, the visual search
task is easier and there is greater potential for younger adults to have spare attentional
resources to deploy to the irrelevant face stimuli. Under the high load condition, younger
adults were also expected to be more distracted by negative faces on attentional capture
trials than by happy and neutral faces. Whereas older adults are more distracted by
positive faces, younger adults are generally more easily distracted by negative ones
(Compton, 2003). Age differences in attentional preferences for positive and negative
stimuli may, under high perceptual load, drive older and younger adults’ respective
attention away from the focal goal of identifying the target in the visual search task.

9

METHOD
Participants
Thirty younger adults between 18 and 37 years of age (M = 19.9, SD = 3.8) and
thirty older adults between 62 and 81 years of age (M = 71.5, SD = 6.2) participated in
the study. The younger adult sample consisted of Western Kentucky University students
who were compensated with course requirement credit for participating. The older adult
sample was recruited from the community and individuals were compensated monetarily.
They were $5 per 30 minutes, for a total of $15. Prior to participating in the experiment,
older adult participants completed the Telephone Mini Mental Status Exam, a screen for
Mild Cognitive Impairment, to ensure eligibility to take part in the study (Folstein,
Folstein, & McHugh, 1975). All older adult participants successfully completed this
screen. These two samples were selected at a size to provide the ability to detect an effect
size of ηp2 = .10 at a 0.80 level of power.
Following data collection, nine participants (4 younger adults, 5 older adults)
were dropped from the sample due to poor performance on the experimental task. Poor
performance included an excessive number of timeouts, inappropriately fast response
times, or high inaccuracies. All participants are included in the analyses involving
individual difference measures, but dropped participants have been excluded from the
remainder of the analyses.
Materials
Visual Search Task. Participants utilized a chin rest to sit exactly 54.7 cm from
the computer monitor to maintain consistent viewing distance throughout the experiment.
At this viewing distance, 1 cm on the monitor is equivalent to 1 degree of visual angle.
10

The main task for this study was an experimental visual search task. It was set-up
similarly to Experiment 1 described in Madden and colleagues (2003), and created within
E-Prime stimulus presentation software.
During the task, participants were required to identify which one of four target
letters were present on the display in specific possible target locations. More specifically,
for each trial, a circular array consisting of a distractor pair (either identical letters or
identical facial images at the 3 and 9 o’clock locations), one target letter, and one or five
other nontarget letters was displayed. The target letter was either a H, C, S, or K. H and C
were assigned to keyboard number “1” and S and K were assigned to keyboard number
“3”. A distractor pair appeared at 3 and 9 o’clock in the circular array. The pair included
identical items, and these distractors were either faces or letters. Possible letters included
response-compatible items (H when C is the target, C when H is the target, S when K is
the target, and K when S is the target), response-incompatible items (S or K when H or C
was the target, and H or C when S or K was the target), or R which represented a
response-neutral item. Letters appeared on standard trials. Faces appeared in the 3
o’clock and 9 o’clock positions for attentional capture trials. Possible face stimuli
expressed happiness, anger, or no emotion. Lastly, the other non-target letters that
appeared on the display were the letters B, D, F, G, J, L, N, Q, P, T, X, or Y. When one
other letter distractor appeared, it always appeared directly opposite the target on the
display; the target and the distractor letter appeared at 6 o’clock and 12 o’clock. When 5
other distractor letters were presented, the target and distractors appeared in the 1:30,
4:30, 6:00, 7:30, 10:30, and 12:00 positions in the circular array. The target was
randomly assigned to one of these 6 locations.
11

Within the trials, target and distracting letters appeared in white against a black
background. The facial stimuli were color images of ovalled faces. Note that the letter
stimuli were created in an uppercase bold Arial font size 18 with a visual angle of 0.67°.
Face stimuli included four males, two Caucasian and two African American, each
displaying a neutral, angry, or happy expression for a total of twelve images. For each
ethnic background, one target had facial hair. The size of the face stimuli on the display
was 2.2° for the width and 3.5° for the height. These face stimuli were adapted from the
NimStim face image database and were selected because they exhibited overt emotions.
An example of the African American male stimulus with facial hair is shown below
(Figures 1). To view additional stimuli, please go to www.macbrain.org.

A)

B)

C)

Figure 1: A) neutral expression, B) angry expression, C) happy expression

Standard Trials. In 288 standard trials, participants identified which of the four
targets (H, C, S or K) appeared on the display. In these trials, only the letter stimuli were
included as distractors. At the 3 o’clock and 9 o’clock positions of the circular array of
stimuli, the distractor pair consisted of letters that were response-compatible, response12

incompatible, or response-neutral. These trial categories were defined by the relationship
between the target letter and distractors. For compatible trials, the letter identity of the
distractor was matched to be the same key response as the target letter but was not the
target letter (Figure 2). For incompatible trials, the letter identity of the distractor was one
of the two letters associated with the other key response (Figure 3). For neutral trials, the
distractor letter was not one of the four target letters, and instead was an R. In addition to
manipulating the identity of these key distracting elements, the task also was designed to
either be perceptually non-demanding or demanding. In other words, on half of the trials,
participants identified the target under a low perceptual load, in which the target appeared
on the display with the 3 and 9 o’clock distractor pair and one other distractor. On the
other half of the trials, participants identified the target under a high perceptual load, in
which the target appeared on the display with the 3 and 9 o’clock distractor pair and five
other distractors. The distractors used to populate the low and high load trials outside of
the aforementioned 3 and 9 o’clock distractors included the letters B, D, F, G, J, L, N, Q,
P, T, X, or Y (Figure 4). On each trial, accuracy and response time is recorded.

Figure 2. Low Load
Response-Compatible

Figure 3. Low Load
Response-Incompatible
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Figure 4. Low Load
Response-Neutral

Attentional Capture Trials. On 144 trials, participants observed similar stimulus
arrays as those found in the standard search trials, however, the 3 and 9 o’clock letter
distractors were replaced with pairs of face images. These trials operationalize attentional
capture trials because the distracting face elements are not relevant to the judgment
taking place but may be inherently interesting to participants given their social relevance.
The face stimuli included in these trials expressed one of three emotions: neutral emotion,
happiness, or anger. These stimuli were meant to serve as non-response relevant
distractors that could interfere with target detection if attended to by the participant. In
prior work, attentional capture trials were created using cartoon characters appearing in
locations peripheral to the circular array (Lleras et al. 2017). On each trial, accuracy and
response time was recorded. Note that, for analysis purposes, the degree to which these
trials capture attention is assessed by comparing these three trial categories to the neutral
letter (or response-neutral) condition of the standard trials.
As in the standard trials, perceptual load was also manipulated in the attentional
capture trials. In the low load condition, the target appeared opposite one letter distractor
in the 12 o’clock and 6 o’clock positions above and below the fixation cross, whereas the
pair of facial images appeared in the 3 and 9 o’clock positions (Figure 5). In the high
perceptual load condition (Figure 6), the target appeared with five other distractor letters
at 1:30, 4:30, 6:00, 7:30, 10:30, or 12:00 in the circular array and identical distracting face
images at 3 and 9 o’clock.

14

Figure 5. Low Load Attentional
Capture

Figure 6. High Load Attentional
Capture

Individual Difference Measures. Following the visual search task, participants
completed a number of questionnaires and tests. These included the Behavioral Inhibition
System/ Behavioral Activation System (BIS/BAS) scale, Center for Epidemiological
Studies Depression (CES-D) inventory, Finding A’s Test, Advanced Vocabulary Test,
Demographic questionnaire, and a visual acuity test.
Behavioral Inhibition System/Behavioral Activation System (BIS/BAS) Scale.
The BIS/BAS (see Appendix B) includes 24 statements in which the individual marks
whether they agree or disagree with content of the statement using a four-point Likert
scale ranging from 1 = very true for me to 4 = very false for me. The BIS/BAS scale is
used to measure motivation and how it guides behavior (Carver & White, 1994). It is
divided into four factors: BIS, BAS Drive, BAS Reward Responsiveness, and BAS Fun
Seeking. BIS measures an individual’s sensitivity to aversion and punishment-related
cues. It includes their motivation to avoid an unpleasant stimulus or situation. BAS is
divided into three subcategories and broadly measures an individual’s sensitivity to
positive-cues. Specifically, BAS Drive specifies an individual’s desire to pursue goals,
BAS Reward Responsiveness indicates an individual’s sensitivity to positive reinforcers
15

following an action, and BAS Fun Seeking measures an individual’s motivation to seek
novel experiences spontaneously. The test-retest reliability of each subfactor is BIS
(0.66), BAS Drive (0.66), BAS Reward Responsiveness (0.59), and BAS Fun Seeking
(0.69). Scores for the BIS/BAS were calculated individually for each of the subscales.
Internal consistency for each subscale is reported in Table 1.
Center for Epidemiological Studies Depression Scale (CES-D). The CES-D (see
Appendix C) is a self-reported questionnaire used to identify depressive symptomatology
(Radloff, 1977). It includes 20-items in which the participant rates the degree of
prevalence of depression symptoms over the past week. It is measured using a four-point
Likert scale ranging from 1 = rarely or none of the time (less than 1 day) to 4 = most of
all of the time (5-7 days). The CES-D has shown to have high internal consistency (0.880.91; current data Cronbach’s α = .93) and high test-retest reliability (0.87) (Radloff,
1977). Scores range from 20-80 and were calculated by adding up a total number of the
ratings. Higher scores reflect more depressive symptomology.
Finding A’s Test. This test measures an individual’s perceptual speed
(Cronbach’s α = .74; Ekstrom, French, Harman, & Dermen, 1976). Participants were
asked to locate and mark words that contain the letter “a”. The test included 5 pages, with
5 columns on each page, and 5 words with the letter “a” per column. Participants were
allotted two minutes to find as many words containing the letter “a” as possible. They
were not required to find all five words per column before moving on to the next column.
Scores were calculated by adding up total number of words with the letter “a” marked
within the two minutes.
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Advanced Vocabulary Test. This test was utilized to measure an individual’s
verbal ability (Cronbach’s α = .79; Ekstrom et al., 1976). It included 36 items, with 18
items on each page. For the task, participants were asked to identity the word with the
most similar meaning to the target word. Each item contained five possible foil words.
The participant was given four minutes to complete each page, for a total of eight minutes
to complete the test. The test-retest reliability was 0.93 (Ekstrom et al. 1976).
Demographics questionnaire. The demographics questionnaire (see Appendix D)
asked participants for information regarding their gender, age, marital status, ethnic
background, religious beliefs, level of education, current job history, interaction with
youth, subjective physical health, psychopathologies, and uncorrected vision, hearing,
and writing.
One-Meter Visual Acuity test. To measure central visual acuity, participants were
asked to stand 1 meter from the chart and read the smallest row of letters they could see
(Colenbrander, 1988). Acuity is measured in terms of the logarithm of the participant’s
minimum angle of resolution, with larger values reflecting poorer acuity.
Procedure
Participants provided informed consent after arriving in the lab (WKU IRB #19079; see Appendix A). Participants completed the visual search task in one session lasting
approximately 45 minutes. It consisted of eight blocks of 54 trials, totaling 432 trials for
the task. Additionally, younger participants completed one block of eight practice trials
and older participants completed three blocks of eight practice trials for a total of 24
practice trials. Note that three older adults completed only eight practice trials before this
number was increased for the remainder of the older adult participants. A break was
17

given in between each block in which participants were allowed to rest. To begin, an
experimenter explained the directions of the task to each participant. Participants were
told to look for one of four target letters (H, C, S, or K) in a circular array of stimuli in
each trial. They were informed of the distractors and asked to ignore the letters and/or
images in the 3 and 9 o’clock positions while searching for the target letter. Each trial
began with a fixation dot on the center of the screen for 1000 ms, followed by a search
display with letters and/or images for 500 ms for younger adults and 750 ms for older
adults. Following the presentation of the stimuli, a blank screen appeared for 1750 ms.
The accuracy of the response appeared on screen after each trial for 1000 ms. A red ‘X’
followed an incorrect response or no response given. A green “✔” followed correct
responses. The aforementioned individual difference measures were completed after the
visual search task. At the end of the session, participants were debriefed and thanked for
participating.
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RESULTS
Comparisons of Individual Differences Measures
Individual differences data were collected from 30 younger adults (15 females, 15
males) and 25 older adults (13 females, 12 males). To compare the two age groups on
each on the individual differences measures, independent samples t-tests were conducted
and results are presented in Table 1. Younger and older adults did not significantly differ
in the four factors measured in the BIS/BAS scale: BAS Drive, BAS Reward, BAS Fun
Seeking, and BIS. Additionally, the two age groups did not significantly differ in their
processing speed measured in the Finding A’s test. However, older adults performed
significantly better than younger adults on the vocabulary test. Younger adults had
significantly better central visual acuity than did older adults. Younger adults reported
more depressive symptoms than did older adults.

Table 1
Younger and Older Adults' Individual Differences Measures
Mean (SD)
YA
OA
BAS Drive
8.93 (1.76)
9.92 (2.53)
BAS Fun Seeking 8.03 (1.79)
9.00 (2.29)
BAS Reward
6.67 (1.12)
7.44 (1.94)
BIS
15.47 (2.32) 15.08 (2.22)
Finding A
27.37 (7.79) 26.48 (4.68)
Vocab Test
11.76 (4.87) 22.48 (4.87)
CES-D
40.27 (10.38) 25.68 (5.41)
Visual Acuity
0.04 (0.11)
0.14 (0.16)

t(df)

p

Cohen's d

⍺

-1.699 (53)
-1.756 (53)
-1.846 (53)
0.629 (53)
0.499 (53)
-8.072 (52)
6.342 (53)
-2.815 (53)

.095
.085
.070
.532
.620
.000*
.000*
.007*

-0.460
-0.476
-0.500
0.17
0.135
-2.203
1.717
-0.762

.711
.570
.546
.750

Measure

Note. YA = Younger adults, OA = Older adults
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.930

Visual Search Task
Trial Accuracy. Participant accuracy was determined by calculating the
proportion of trials for which each participant accurately identified the target. Separate
averages were calculated for each combination of the within-subjects’ conditions.
Standard Trial Accuracy. A 2 (Load: low, high) × 3 (Distractor compatibility:
neutral, incompatible, compatible) × 2 (Age group: younger, older) mixed model
ANOVA conducted on participant accuracy revealed that main effects of load, F(1, 43) =
142.18, p < .001 , ηp2 = .768, compatibility, F(2, 86) = 16.79, p < .001 , ηp2 = .281, and
age group, F(1, 43) = 13.00, p < .001 , ηp2 = .233, were qualified by a marginal load ×
age group interaction, F(1, 43) = 3.97, p = .056 , ηp2 = .083. Average accuracy can be
observed in Table 2 by condition. Tukey’s post-hoc tests comparing the levels of
distractor compatibility demonstrated that the accuracy for incompatible trials was
significantly less than the accuracy for compatible and neutral trials (ps < .001). To
decompose the load × age group interaction, Tukey’s post-hoc comparison were
performed to (a) compare younger and older adults’ accuracy under low and high load
separately, and (b) to compare participant accuracy under the low and high load
conditions separately by age group. Younger adults were significantly more accurate than
older adults in both the low (Mdiff = 0.10, SEdiff = 0.03) and high (Mdiff = 0.14, SEdiff =
0.03) load conditions (ps < .03). Both younger (Mdiff = 0.09, SEdiff = 0.01) and older (Mdiff
= 0.13, SEdiff = 0.01) adults were significantly more accurate for trials in the low load
condition than for trials in the high load condition (ps < .001). The interaction emerged
because the difference in accuracy between the low load and high load conditions was
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larger for older adults than for younger adults. Older adults also struggled more than did
younger adults at being accurate in the high load condition.
Attentional Capture Trial Accuracy. A 2 (Load: low, high) × 4 (Distractor
identity: neutral letter, neutral face, angry face, happy face) × 2 (Age group: younger,
older) mixed model ANOVA conducted on participant accuracy revealed main effects of
load, F(1, 43) = 92.01, p < .001 , ηp2 = .681, and age group, F(1, 43) = 10.5, p = .002 ,
ηp2 = .197. Average accuracy can be observed in Table 2 by condition. Accuracy in the
low load condition was greater than in the high load condition, and younger adults were
Table 2.
Younger and Older Adults' Average Median Accuracy and Standard Error
Younger Adults
Low Load
Distractor
Compatibility
Neutral

Older Adults
High Load

Low Load

High Load

0.866
0.027

0.772
0.027

0.775
0.028

0.624
0.028

Incompatible

0.816
0.027

0.721
0.027

0.693
0.028

0.587
0.028

Compatible

0.878
0.027

0.787
0.027

0.785
0.028

0.651
0.028

0.865
0.027

0.771
0.027

0.775
0.028

0.623
0.028

Neutral Face

0.877
0.027

0.776
0.027

0.775
0.028

0.689
0.028

Angry Face

0.891
0.027

0.797
0.027

0.783
0.028

0.65
0.028

Happy Face

0.852
0.027

0.776
0.027

0.791
0.028

0.687
0.028

Distractor
Identity
Neutral Letter
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more accurate than were older adults. Although the age group × load × distractor identity
interaction was not significant, older adult accuracy in the high load condition was
significantly greater when the attentional capture distractors were happy, t(19) = 3.52, p =
.002, d = 0.79, and neutral faces, t(19) = 3.04, p = .007, d = 0.68, than when the 3 and 9
o’clock distractors were neutral letters. Accuracy for older adult high load trials with
neutral letters and angry faces in the 3 and 9 o’clock positions did not differ, t(19) = 0.94,
p = .359, d = 0.21.
Trial Response Time. Participant response time was determined by calculating
the median response time for accurate trials. Incorrect trials are not included in the
participants’ response time measurements. Separate medians were calculated for each
combination of the within-subjects’ conditions.
Standard Trial Response Time. A 2 (Load: low, high) × 3 (Distractor
compatibility: neutral, incompatible, compatible) × 2 (Age group: younger, older) mixed
model ANOVA conducted on participant response time revealed that main effects of
load, F(1, 43) = 52.81, p < .001 , ηp2 = .551, compatibility, F(2, 86) = 5.58, p = .005 , ηp2
= .115, and age group, F(1, 43) = 11.2, p = .002 , ηp2 = .206, were qualified by a
compatibility × age group interaction, F(2, 86) = 3.21, p = .045 , ηp2 = .07. Average
response time can be found in Table 3 by condition. Participants responded faster in low
load than in high load trials. To decompose the compatibility × age group interaction,
ANOVAs were conducted to compare the impact of distractor compatibility on response
time separately by age. The load factor remained in these follow-up ANOVAs. For
younger adults, there was a main effect of load such that response times were faster for
the low load condition than the high load condition, F(1, 24) = 31.83, p < .001, ηp2 = .57.
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Similarly, for older adults, there was a main effect for load such that response times were
faster for the low load condition than the high load condition, F(1, 19) = 21.91, p < .001,
ηp2 = .54. However, older adults also displayed a main effect of distractor compatibility,
F(2, 38) = 4.86, p = .013, ηp2 = .204, such that they responded marginally faster for trials
with compatible distractors than trials with neutral distractors (p = .068), and responded
faster for trials with compatible distractors than incompatible distractors (p = .014).
Attentional Capture Trial Response Time. A 2 (Load: low, high) × 4 (Distractor
identity: neutral letter, neutral face, angry face, happy face) × 2 (Age group: younger,
older) mixed model ANOVA conducted on participant response time revealed main
effects of load, F(1, 43) = 92.84, p < .001 , ηp2 = .683, age group, F(1, 43) = 17.0, p <
.001 , ηp2 = .283, and load × distractor identity, F(3, 129) = 2.68, p = .050 , ηp2 = .059.
Average response times can be found in Table 3 by condition. Younger adults responded
more quickly than did older adults. To decompose the load × distractor identity
interaction, ANOVAs were conducted to compare the impact of distractor compatibility
on response time separately by load. Under the low load condition, there was a main
effect for distractor identity, F(3, 132) = 4.97, p = .003 , ηp2 = .102, such that response
times for the neutral letter trials were slower than trials involving a face distractor (ps <
.026). Under the high load condition, there was no main effect of distractor identity, F(3,
132) = 1.37, p = .256 , ηp2 = .030.

23

Table
3
Table 2
Younger and Older Adults' Average Median Reaction Time and Standard Error
Younger Adults
Low Load
Distractor
Compatibility
Neutral

Older Adults
High Load

Low Load

High Load

857
41

1000
41

1065
42

1182
42

Incompatible

906
41

991
41

1096
42

1181
42

Compatible

877
41

989
41

1002
42

1141
42

855
38

999
38

1064
39

1180
39

Neutral Face

820
38

1025
38

1022
39

1190
39

Angry Face

799
38

977
38

1027
39

1164
39

Happy Face

816
38

993
38

1025
39

1203
39

Distractor
Identity
Neutral Letter
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DISCUSSION
The aim of the present experiment was to examine whether the ability of
emotional faces to disrupt our attention during a selective attention task was dependent
on perceptual load, age, and emotion of distractor. It was hypothesized that all three
variables would affect distractibility. Participants performed a visual search task
consisting (a) of standard trials that measure the roles that perceptual load and response
competition play in attention allocation and (b) of attention capture trials that measure the
ability of socially relevant stimuli to disrupt the target identification process. This type of
task has been used in the past to explore the attentional focus of younger adults, but it has
not been used to assess older adults’ distractibility.
Aging and Perceptual Load in Selective Attention
Past research has demonstrated that, when an observer is presented with a target
and a sparse number of distractors on a display, the distractors – especially a responserelevant peripheral distractor - may draw some attention from the target and influence the
observer’s ability to quickly and accurately identify the target (Lavie, 1995). When the
target appears on the display with many more distractors, response-relevant distractors
have less influence over the observer’s behavior because the observer’s full attentional
capacity is devoted to attending to the target. Past research also suggests that older adults
require fewer distractors than do younger adults for the peripheral response-relevant
distractor to lose its ability to sway performance.
In the current study, perceptual load affected participant response time and
accuracy in the manner that one might expect. As the amount of information on the
display increased, response times increased and accuracies decreased. Younger and older
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adults both evinced this pattern of responses. Consistent with past research, older adults’
displayed a larger decline in performance when comparing low to high load trials than
did younger adults, demonstrating that older adults struggled significantly more when
identifying the target (Maylor & Lavie, 1998). Although both younger and older adults
were susceptible to the disruptive influences of the peripheral distractors, older adults,
despite having more time to observe the stimulus arrays, were more greatly impacted by
load. This more pronounced difference between the two perceptual loads is possibly due
to the decreased cognitive abilities of the older adult population. The high load condition
places a disproportionately greater burden on older adults, exacerbating extant cognitive
capacity and processing speed concerns.
Interestingly, despite this greater burden and contrary to expectations, in the high
load condition, older adults continued to display compatibility effects observed in the low
load condition. More specifically, Lavie’s work on perceptual load suggests that the
identity of the peripheral distractor should have a greater influence on target
identification accuracy in low load trials than in high load trials. Under low load, the
attentional filter does not have to act early to minimize distraction given that so few
distracting elements are present. Consequently, the observer may be susceptible to the
identity of the peripheral distractor and show response facilitation for responsecompatible distractors and response interference for response-incompatible distractors.
In the current study, under low load, older adults required more time to respond when the
peripheral distractor was response-incompatible than when response-compatible;
however, although cut in half, the response time difference was also found in the high
load condition. Note that this was not the case for younger adults. This suggests that,
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although the high load display should contain enough distracting input to necessitate a
narrow focus of attention and the early application of one’s attentional filter to stay on
task, older adults continue to attend to irrelevant distracting information. The problem it
seems may not be limited to older adults’ capacity but rather extends to an inability to
ignore irrelevant information.
Faces Fail to Disrupt Performance during Attentional Capture Trials
The current study sought to examine the impact that distracting emotional faces
had on target identification during a selective attention task. The expectation was that
faces – emotional or not – would draw attention away from the target, reducing accuracy
and increasing response time. As discussed earlier, the social relevance of facial stimuli
has been found to disrupt the the selective deployment of attention in past research
(Carretié, 2014). Additionally, the emotion expressed on the face may hold differential
value to people of different ages. Specifically, older adults may be more motivated to
attend to positive (happy) social targets than to negative (angry) social targets
(Carstensen, 2006), whereas younger adults generally display an attentional preference
for negative stimuli over positive and neutral (Compton, 2003). Interestingly, the data do
not support these predictions.
As was the case with participant behavior on standard trials, during the attentional
capture trials, participants required more time to respond and were less accurate when the
target was presented under high perceptual load than under low perceptual load.
Moreover, older adults generally required more time to respond and were less accurate
than were younger adults. Unexpectedly, both younger and older adults responded faster
on trials with face distractors than those with letters; however, this only occurred in the
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low load condition. This suggests that under low load, faces enhanced attention instead of
disrupting it. Consistent with perceptual load theory, face distractors did not influence
younger or older adults’ target identification response time under the high load condition.
Perhaps under a high perceptual load, given the perceptual distinctiveness of the facial
stimuli relative to the letters, participants were better able to ignore the face images.
Remember, though, that older adults were distracted by the identity of response-relevant
distractor letters in the high load condition. Aside from considering response time,
cognitive psychologists also use accuracy to gauge the disruptive influences of distractors
in selective attention tasks. Interestingly, in the high load condition, older adults were
more accurate on attentional capture trials involving the more positive facial stimuli (i.e.,
happy and neutral versus angry) consistent with a positivity effect.
In sum, although all face stimuli facilitated the response times of younger and
older adults in the low load condition, only the more positive face stimuli improved
accuracy and did so only for older adults. It seems that, under low load, distracting faces
may motivate the target to deploy more attention to the display. However, under high
load, perhaps any perceptual gain that comes from facial expressions are limited to older
adults because of inhibitory challenges they face. Their tendency to attend to irrelevant
information in the attentional capture trials may not be as disruptive as in the standard
trials because faces are not response-relevant. Perhaps the (a) absence of distracting
information that competes for a response representation and (b) presence of socially
meaningful facial stimuli boost older adults’ attentional resource pool that can be
deployed in service of target identification.
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It is important to temper these conclusions by noting that additional research is
needed to parse out the distracting and facilitating influences of response-relevant
distractors and socially relevant faces, respectively, on selective attention. However, the
argument that facial stimuli can boost perceptual and/or attentional resources for a
subsequent or concurrent judgment has been offered before. Specifically, Phelps, Ling,
and Carrasco (2006) found that briefly presented emotional faces facilitated the
orientation detection of Gabor patches presented at varying degrees of clarity. This
finding suggests that emotional stimuli may boost stimulus gain in early visual processing
to facilitate perceptual judgments. In their study, fearful faces specifically heightened
participants’ perception of the elements on display relative to neutral faces. Future
attentional capture studies should consider using fearful face stimuli as distractors given
Phelps and colleagues’ findings.
Conclusions
Overall, the findings from this experiment provide partial support for Lavie’s
perceptual load theory because the level of perceptual load influenced both age groups’
response time and accuracy, with accuracy also varying as expected given the responserelevance of the distractor. However, the current study offers evidence that contradicts
Maylor and Lavie’s (1998) findings for older adults but supports Madden and Langley’s
(2003) findings. Specifically, under high perceptual load, older adults’ application of
attentional resources continued to be disrupted by the response competition induced by
the distractors. Inconsistent with past research (Lavie et al., 2003), distracting faces did
not disrupt selective attention of younger and older adults. Interestingly, faces facilitated
fast responses when perceptual load was low for both age groups, and positive
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expressions were associated with greater accuracy for older adults under high load.
Ultimately, inhibitory deficits might broaden older adults’ attentional focus, creating a
cost in some circumstances. In others, a widely cast net may catch stimuli that are
irrelevant to task goals but otherwise relevant to personal ones, bolstering attentional
capacity and improving performance.
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Appendix A.
PARTICIPANT INFORMED CONSENT DOCUMENT
Project Title: Searching for a target amongst distractors
Investigators: Shelby King and Dr. Andrew Mienaltowski, Department of
Psychological Sciences, Western Kentucky University, (270) 745-2353
You are being asked to participate in a project conducted through Western Kentucky
University. The University requires that you give your signed agreement to participate in
this project.
You must be 18 years old or older to participate in this research study.
The investigator will explain to you in detail the purpose of the project, the procedures to
be used, and the potential benefits and possible risks of participation. You may ask any
questions you have to help you understand the project. A basic explanation of the project
is written below. Please read this explanation and discuss with the researcher any
questions you may have.
If you then decide to participate in the project, please sign this form in the presence of the
person who explained the project to you. You should be given a copy of this form to
keep.
1. Nature and Purpose of the Project: This project examines how fast people are at
finding target letters when the display contains distracting information. Distracting
information will take the form of random non-target letters and socially relevant
information, like emotional faces. The study takes no longer than 90 minutes to complete.
2. Explanation of Procedures: The purpose of this research is to investigate the power
that distracting information has to prevent us from locating something that we are looking
for. You will be asked to look for some letters in an array of stimuli on a computer
display. The targets will appear with distracting information, like other random letters,
neutral faces, happy faces, and angry faces. The way that this distracting information
affects how you locate the target will be measured. During the visual search task, trials
will vary in difficulty depending on the amount of distracting information on the screen.
In addition to this task on the computer, you will be asked to complete a few other short
tests, including an eye test, tests of mood and personality, and tests of vocabulary and
processing speed. These questionnaires help us to investigate how differences between
people relate to the way that they perform visual searches.
3. Discomfort and Risks: There are no known risks associated with participation in this
study. If you become fatigued at any point, you are free to take a break. There are also
opportunities built in during the experiment to take breaks. Should you have any
questions, please do not hesitate to ask the experimenter.
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4. Benefits: Your participation in this study will help to further our efforts in
understanding how visual search can be disrupted by distracting information. Once the
study is complete, we would be happy to share the results with you.
5. Confidentiality: During this study, you will be asked for some personal information
(name, age, gender, etc.). This information will be confidential and will only be used by
the experimenter.
The data that are collected about you will be kept private. To
protect your privacy, your records will be kept under a code number rather than by name.
Your records will be kept in locked files and only study staff will be allowed to look at
them. We are only interested in group information. The reporting of the experimental
results will only contain aggregated group findings and will contain no personal
information about individual participants, including performance during the experiment.
6. Compensation: If you are a student participant you will receive a Study Board credit
for every 15 minutes of participation, up to 4 credits. If you are a non-student participant
you will receive $10 for each hour of participation, up to $15.
7. Refusal/Withdrawal: Refusal to participate in this study will have no effect on any
future services you may be entitled to from the University. Anyone who agrees to
participate in this study is free to withdraw from the study at any time with no penalty.
8. Questions about the Study: If you have questions about the study, please contact Dr.
Andrew Mienaltowski at (270) 745-2353, Department of Psychological Sciences.
You understand also that it is not possible to identify all potential risks in an
experimental procedure, and you believe that reasonable safeguards have been taken to
minimize both the known and potential but unknown risks.
__________________________________________
Signature of Participant

_______________
Date

__________________________________________
Witness

_______________
Date

THE DATED APPROVAL ON THIS CONSENT FORM INDICATES THAT
THIS PROJECT HAS BEEN REVIEWED AND APPROVED BY
THE WESTERN KENTUCKY UNIVERSITY INSTITUTIONAL REVIEW BOARD
Robin Pyles, Human Protections Administrator
TELEPHONE: (270) 745-3360
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Appendix B.
BIS/BAS
Instructions: Each item of this questionnaire is a statement that a person may either agree
with or disagree with. For each item, indicate how much you agree or disagree with what
the item says. Please respond to all the items; do not leave any blank. Choose only one
response to each statement. Please be as accurate and honest as you can be. Respond to
each item as if it were the only item. That is, don't worry about being "consistent" in your
responses. Choose from the following four response options:
1 = very true for me
2 = somewhat true for me
3 = somewhat false for me
4 = very false for me
_____ 1. A person's family is the most important thing in life.
_____ 2. Even if something bad is about to happen to me, I rarely experience fear or
nervousness.
_____ 3. I go out of my way to get things I want.
_____ 4. When I'm doing well at something I love to keep at it.
_____ 5. I'm always willing to try something new if I think it will be fun.
_____ 6. How I dress is important to me.
_____ 7. When I get something I want, I feel excited and energized.
_____ 8. Criticism or scolding hurts me quite a bit.
_____ 9. When I want something I usually go all-out to get it.
_____ 10. I will often do things for no other reason than that they might be fun.
_____ 11. It's hard for me to find the time to do things such as get a haircut.
_____ 12. If I see a chance to get something I want I move on it right away.
_____ 13. I feel pretty worried or upset when I think or know somebody is angry at me.
_____ 14. When I see an opportunity for something I like I get excited right away.
_____ 15. I often act on the spur of the moment.
_____ 16. If I think something unpleasant is going to happen I usually get pretty
"worked up."
_____ 17. I often wonder why people act the way they do.
_____ 18. When good things happen to me, it affects me strongly.
_____ 19. I feel worried when I think I have done poorly at something important.
_____ 20. I crave excitement and new sensations.
_____ 21. When I go after something I use a "no holds barred" approach.
_____ 22. I have very few fears compared to my friends.
_____ 23. It would excite me to win a contest.
_____ 24. I worry about making mistakes.
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Appendix C.
(Center for Epidemiological Studies – Depression Scale)
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Appendix D.
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